Introduction

I
N 1890, :Keen reported that Sir Victor ttorsley had explored the middle fossa for a presumed temporal lobe tumor and countered "a large blood cyst" which pulsated. He subsequently ligated both carotid arteries successfully in the neck. Beadles '07 reported that post mortem examination eventually revealed the lesion to be a "large blood cyst attached to the anterior pituitary" and not an aneurysm; however, Hamby '5~ was of the opinion that the lesion was actually an aneurysm. If Horsley was correct, this represents the first surgical exposure of an intracranial aneurysm as well as the first attempt at treatment of such a lesion by carotid ligation.
The first definitive intracranial treatment of an aneurysm was carried out by Dott '33 when he wrapped a piece of muscle around an aneurysm at the bifurcation of the left anterior and middle cerebral arteries. Johnson '51 credited Dr. W. J. German with the first intracranial operation in which an aneurysm was actually excised, based on a report at the meeting of the Harvey Cushing Society in 1938. He also commented on, "The difficulty of ascribing credit to the first person to do a particular procedure..." and pointed out that several individuals at that particular Supported by the National Institute of Neurological Diseases and Blindness of the United States Public Health Service through grants to tile Cooperative Study of Intracranial Aneurysms and Subarachnoid Hemorrhage. For names of investigators and centers participating in this interinstitutional project, see "Contributors and Centers" listed in Section I of the report by Sahs et al. in Journal of Neurosurgery, 1966, 2/~:779-780. * Central Registry of the Cooperative Study, and Division of Ncurosurgery, University of Iowa, Iowa City, Iowa. meeting were prompted by Dr. German's report to recall similar previous cases of their own. Although he took note of German's report, Dandy '44 assigned credit for the first excision of intracranial aneurysm to Dr. William V. Cone, based on a report by Russel '39. Wilkins '64 reported that Dandy was the first to treat an aneurysm of the intracranial internal carotid by trapping between ligatures in the head and neck and also the first to use a clip to occlude the neck of an aneurysm.
The present Cooperative Study was undertaken in an effort to accumulate a large number of cases which could be subjected to an unbiased statistical analysis. The opportunity for a single individual to accumulate such a series is virtually non-existent; this is obvious when one looks through the literature for reports of aneurysms treated by intracranial surgery.
In 1951, Mount reported a mortality rate of 14 per cent for 469 cases of intracranial aneurysm treated surgically. These included 77 from the New York Neurological Institute and 39~ cases collected from the literature. However, many of these, such as the large series by Schorstein '40 and Krayenbiihl '46 and all but three of Jefferson's '47 cases were treated by carotid ligation in the neck.
If one attempts to gain an impression from the literature of the results of intracranial surgery for the treatment of aneurysms, one finds it necessary frequently to extract this information from reports in which the results of cervical carotid ligation are also included. Table 183 summarizes the information on 6~7 reported cases. Of 518 treated by intracranial operation only, there were 107 deaths, for a mortality rate of ~1 per cent. Of 
15%
* These authors did not indicate whether all of the seven deaths were among patients subjected to intracranial surgery only. the 109 cases treated by the combined approach, 17 died, giving a mortality rate of 15 per cent. The mortality rate for all eases was 20 per cent.
These cases do not represent a homogeneous group and a number of variations in the form and content of the various articles makes it impossible to obtain exactly comparable figures. Within this group are an undetermined number of multiple aneurysms, mycotic aneurysms, and posterior circle aneurysms. In some articles the deaths reported are operative deaths and in others the figures are for overall mortality including follow-up periods of varying length. In some, the authors indieate the exact nature of the operative procedure; in others, they do not. Some eases had intraeranial explorations only, without definitive treatment of the aneurysm. In certain series there is a breakdown of the cases as to the sites of the aneurysms, whereas in others this is not done at Aneurysms Study all or the listings are made in such a manner that comparable figures cannot be obtained.
The report of McKissock et al. '60 was not included in Table 188 . Their report was based on 599 eases. Of these, 151 had definitive eraniotomies, with an overall mortality rate of 38 per cent. It should be pointed out that this included eases which died during follow-up periods ranging from slightly under six months to over ten years. Operative mortality rates were not given. The authors' analysis of their material is quite pertinent to the type of information obtained in the Cooperative Study. However, the material is not directly comparable, since it was not tabulated in the same manner. With respect to the time of treatment, their figures show a mortality rate of 89 per cent for individuals undergoing conservative treatment during the first three days after subaraehnoid hemorrhage and a rate of 49 per cent among patients subjected to operation (cervical carotid ligations alone, as well as definitive intraeranial procedures) during the same I)eriod. After the third day, the mortality rate was 30 per cent among the conservatively treated patients and 26 per cent among those subjected to surgery. The authors state, "... after this time neither method was obviously better."
They pointed out that many conservatively treated patients are denied surgery because of their condition. In an effort to overcome this bias, patients in poor condition were eliminated from consideration in the statistics of both the surgically and conservatively treated groups. Among the remaining patients the mortality rate for the conservative group was 27.8 per cent and for the surgical group, 28.4 per cent. The presence of a large hematoma was the only factor which made any apparent difference between the two groups. Surgical evacuation of such a lesion (frequently accompanied by definitive attack on the aneurysm) lowered the mortality rate of the surgical group significantly below that of the conservative.
The specific manner of treatment varies somewhat with the location of an intracranial aneurysm. Those occurring on the anterior communicating artery have always posed a particular problem for the neurosurgeon, and many series indicate a higher morbidity and mortality associated with their treatment than with the therapy of middle cerebral or internal carotid aneurysms.
Dandy' 44 reported four, and Falconer' 50, eight anterior communicating aneurysms treated by direct intracranial surgery, and a number of individual reports of one or two surgically treated cases appeared in the early literature on this subject. Norl6n and Barnum '53 reported on ~4 anterior communicating aneurysms treated surgically. Of these, ~0 had definitive intracranial operations with two deaths. French et al. '6~ reported only one death among ~5 patients treated by direct intracranial operation. In nine, the aneurysm was purposely opened during surgery. The authors recommended this technique in order to obtain an adequate visualization of the vessels leading to the aneurysm.
In 196~, Pool reported an operative mortality rate of ~ per cent in 175 eases of anterior communicating aneurysm subjected to intracranial operation. These were collected from the files of ~4 neurosurgeons. Twenty-two (~) were treated by proximal occlusion of the anterior cerebral artery with a mortality of 18 per cent. Logue '56 had previously reported a mortality rate of 13.5 per cent among 87 patients and Cook et al. ' 65 had s eases with a mortality of ~0 per cent. The aneurysm was wrapped with muscle or gelfoam in ~4 eases with a mortality rate of 16 per cent. Poppen '63 advocated wrapping or coating with plastic as the treatment of choice for anterior communicating aneurysms. In 106 cases, the aneurysm or its neck was elipped directly with an overall mortality rate of 15 per cent. The remaining eases either had multiple dipping of the anterior cerebral artery or were eases in which multiple aneurysms were present.
In 1955, Petit-Dutaillis and Pittman reported on nine eases of middle cerebral aneurysm treated by direct intraeranial operation and collected 58 additional eases from the literature. Among these 67 eases, 36 were treated by obliteration or clipping of the neek of the aneurysm. Six with aneurysms of the distal branches underwent ligation of the parent artery and in 1~ the aneurysm was wrapped with hammered muscle. The mortality rate for these procedures was 13 per cent. Eleven of the remaining 113 patients had Treatment of Aneurysms 685 evacuation of an intracerebral hematoma only, with ten deaths, and two patients had intracranial explorations only. Gass et al. '58 reported two deaths among 1~ craniotomies for middle cerebral aneurysm in 10 patients. On the basis of their own results and those reported by PetitDutaillis and Pittman '55 the authors proposed a more optimistic outlook for the treatment of middle cerebral aneurysms by intracranial surgery than had been expressed by earlier authors (Dandy '44, Hamby '5~, Rowe et al. '55) .
Subsequently, McKissock et al. '6~ reported on surgical versus conservative treatment of middle cerebral aneurysms. They divided their cases into a number of categories such as age, patients' condition and presence or absence of hypertension. The patients were also divided into two broad categories relating to their condition. One consisted of seriously ill patients who were likely to die from the original ictus. Nine such patients were operated on and five died. The second category consisted of 5~ patients who were less seriously ill and more likely to die from a repeat hemorrhage. Clipping of the neck of the aneurysm was carried out in s of these cases, wrapping with cotton gauze in s and a combination of the two procedures in two cases. The remaining patient died on the way to the operating room and 11 of the operated patients died. The overall mortality rate for both groups was ~8 per cent.
The authors indicated that they did not have enough cases to draw any conclusions as to whether intracranial surgical or conservative management was more beneficial in the treatment of middle cerebral aneurysms. However, their figures did show an apparent significant decrease in mortality rate among men subjected to surgical treatment of middle cerebral aneurysms as compared to conservative management in men or women, or surgical treatment in women.
Many surgeons prefer to treat aneurysms of the internal carotid artery by cervical carotid ligation so that few series are reported dealing specifically with direct intracranial attack on these lesions. In 1958, BjSrkesten reported on a series of 46 internal carotid aneurysms in 44 patients treated by direct intracrania[ approach. Fifteen (15) were treated by ligation with linen thread, ~0 by clipping, 4 by a combination of both of these procedures, and 7 by wrapping with hammered muscle. The author pointed out that the latter procedure was carried out only when clipping or ligation were not possible. Four of the 44 patients died before leaving the hospital and two died later from conditions which were, "... caused by the operation," for an overall mortality rate of 13.6 per cent.
In some of the nfixed series discussed earlier, it was possible to extract mortality rates for treatment of internal carotid aneurysms from the total group. In the series of McKissock et al. '60 there were 134 cases of aneurysm at the internal carotid-posterior communicating junction with a ~5 per cent operative mortality, and 18 aneurysms of the bifurcation of the internal carotid with a 41 per cent operative mortality. However, there was no way of ascertaining which cases were treated by carotid ligation only and which were treated by either a direct intracranial approach or a combined procedure.
Graf '55 reported on 1~ patients with internal carotid artery aneurysms treated by intracranial operation plus cervical carotid ligation with one death, and ten treated by direct clipping of the aneurysm with three deaths. Four other patients had an intracranial trapping of the aneurysm and none died. In the report of Hunt et al. '6~, twentyfive internal carotid artery aneurysms at the posterior communicating junction were treated by direct intracranial approach with two deaths and three aneurysms at the internal carotid bifurcation were similarly treated with no deaths. Norl6n and Olivecrona '53 reported six deaths following direct intracranial surgery on nine aneurysms of the internal carotid artery in their "early" group and only one death among 16 such cases in their late group. Steelman et al. '53 reported on 17 cases of internal carotid artery aneurysm treated by intracranial operation plus cervical carotid ligation with no deaths and 1~ treated by direct intracranial surgery with one death.
Among the last four papers, there were ~9 aneurysms of the internal carotid artery treated by combined intracranial surgery and cervical carotid ligation with one death, or an operative mortality of S.4 per cent, and 79 cases treated by some form of direct intracranial operation with 13 deaths, or a mortality rate of 16 per cent.
In 1961, Drake collected the reports of surgical treatment of 26 posterior circle aneurysms from the literature and added five personal cases. On the basis of an overall mortality rate of 13 per cent among these 31 cases, he indicated a hopeful outlook for the treatment of posterior circle aneurysms and he recommended that more surgeons attempt to treat them. Subsequently, Drake '65 added seven more personal cases for a total of le. Five arose along the trunk of the basilar artery. Only one of these patients died and the other four did well. The remaining seven arose at the bifurcation of the basilar artery. Of these, four died, one did poorly, and only two did well after the operation. The author concluded that surgery of aneurysms arising at the basilar junction carried a formidable risk and that, "... it might be wise to restrict operation to those bifurcation aneurysms where the sac is small, projects forward and has a good neck."
Jamieson '64 reported on his experience with surgical intervention in ~0 cases of posterior circle aneurysm and drew attention to five additional cases in the literature. None of these five died, whereas the author reported that half of his patients did not survive. He pointed out that, "... the present literature is considerably biased because successful operations tend to be reported, and unsuccessful ones do not."
Combining these reported cases, 18 of 63 patients died, giving an overall mortality rate of ~9 per cent.
The inherent mortality or morbidity associated with the intracranial treatment of aneurysms has led to a number of attempts to develop safer techniques. Within recent years, coating of the aneurysm with plastic (Selverstone and Ronis '58), pilojection with animal hair (Gallagher '64), and electrically introduced thrombosis (Mullan et al. '65) have been attempted. In the series to be reported some cases were treated by coating with plastic but the other two techniques were not used.
Case Material and Method of Analysis
Computer screening of the 3~65 aneurysm cases in the Cooperative Study identified 1113 in which an intracranial procedure had been carried out. Of these, 979 had an intracranial operation only, 79 had an intracranial operation plus ligation of the cervical carotid artery and 55 had evacuation of an intracranial hematonla without definitive treatment of the aneurysm at the time. The present report is based chiefly on an analysis of those cases in which intracranial operation without cervical carotid ligation was carried out as the definitive treatment of the aneurysm(s).
The material which follows will attempt to relate surgical mortality to such factors as age, sex, condition of patient at the time of operation, and interval between the last subarachnoid hemorrhage and operation. Previous studies have shown that these have a significant effect on mortality rates. Analyses will also be presented of the various types of intraeranial operations, the use of surgical adjuvants, the surgical complications, and the results of treatment with respect to morbidity and eventual functional survival. Throughout this paper a case is counted as an operative death if the patient dies before leaving the hospital.
As has been pointed out in earlier sections of this report, differences in the number of cases appearing in the various tables of this paper and tables presented in previous sections are duc to a number of factors. Failure to report age, sex, interval between subarachnoid hemorrhage and operation, or similar information, would cause loss of such a case for a particular analysis. artery in the neck. All of the 55 cases which had an intracranial operation for the removal of a hematoma had an aneurysm. However, the operations tabulated were done for removal of the hematoma only, and the aneurysm was not treated at that time.
General Distribution of Cases
There was an overall mortality rate of 31 per cent for the patients subjected to intracranial operation only. Among the various centers this ranged from 24 per cent to 60 per cent. There are a number of reasons for such differences in mortality rates among the various centers. As an example, analysis of the two centers at each end of the range revealed that the center with the higher mortality rate operated on a greater number of cases during the first three days after subarachnoid hemorrhage and a greater number of patients considered seriously ill than did the center with the lower rate. As will be brought out in later tables, both of these factors have an adverse effect on the survival rate. Among those eases treated by a combined intraeranial operation plus carotid ligation, the overall mortality rate was 80 per cent. In those eases in which an intraeranial procedure was carried out only to remove a hematoma, the mortality rate was 87 per cent. In view of the considerably smaller number of eases among these two groups, it is doubtful that these percentage figures have the same significance as that given for the treatment by intracranial operation only. Table 184 shows the mortality rates for intraeranial surgery only, for single aneurysms at the three major vessel sites by year of admission to the Cooperative Study. These figures are gross nmrtality rates and include deaths which occurred during the follow-up period after discharge from the hospital. This fact probably accounts for the lower mortality rate for the 1961-64 period. There are fewer follow-up reports on these patients and those reports which are available are for a shorter period of time in general than those for the earlier years.
The number and per cent of single aneurysms treated by intraeranial operation at each of the major vessel ,ites is shown in Table 185 . The per cent of eases with multiple aneurysms which were treated by the intraeranial approach is also shown. There were 3144 patients with aneurysms diagnosed by angiography. This included a few instances of asymptomatie as well as symptomatic single or multiple aneurysms Of these, 979, or 131 per cent, had definitive intraeranial operation and 79, or 2.5 per cent, had an intraeranial operation plus cervical carotid ligation.
All aneurysms on vessels of the posterior portion of the cerebral circulation are grouped together under the heading "posterior circle." This includes aneurysms on the vertebral, basilar, and posterior cerebral arteries or their branches, and also the posterior communicating artery other than those occurring at the posterior communicatinginternal carotid junction. The latter are considered as aneurysms of the internal carotid artery. The 313 patients who had intraeranial operations for aneurysms of the posterior circle will be discussed separately later in this paper.
The specific locations of the aneurysms listed under "proximal anterior cerebral artery," were determined from roentgenograms or operative reports in the ~9 cases in which an intracranial operation was done. Four were on the anterior cerebral at its origin from the internal carotid, located in such a manner that a clip could be placed on the anterior cerebral artery proximal to the aneurysnl without interrupting flow in the internal carotid and middle cerebral arteries. Thcse are in contrast to aneurysms located directly at the bifurcation, which are considered as internal carotid artery aneurysms. Eight were located distal to this region and proximal to the anterior communicaring artery. Ten were located at the anterior comnmnicating artery but extending laterally so that the neck could be clipped, leaving the parent artery and the anterior communicating artery intact. There were no x-rays or there was insufficient evidence on the remaining seven to determine their exact locations.
Aneurysms of the distal anterior cerebral artery consisted of those distal to the anterior communicating. Most of these were either at the frontopolar takeoff or at the pericallosal-callosomarginal junction.
Intracranial operation plus cervical carotid ligation was carried out more frequently for aneurysms of the internal carotid artery and for multiple aneurysms, but even among these cases, intracranial surgery alone was the treatment of choice more than six times as often as the combined approach.
Non-Surgical Factors Influencing
Operative Mortality Rates
The influence of age and sex on the surgical mortality when single aneurysms are treated by intracranial operation is shown in Table 186 . There were a number of cases not available for this analysis because the sex was not listed in the reporting fascicle. The inortality rate is indicated at each site for male and female, but the numbers for each age group at a given site are too small to give significant percentage figures. For the same reason, no mortality rates arc given for the proximal and distal anterior cerebral groups. However, it is apparent that there is a general increase in mortality rate with increasing age in all categories in both sexes after the age of 60 and usually after 50.
Twice as many women had intracranial surgery for aneurysms of the internal carotid. They also had a higher mortality rate which cannot be accounted for on the basis of a disproportionate number of women in the over 50 age group as compared to men, since 40 per cent of the men and only 38 per cent of the women were in this group. Approximately 38 per cent more women than men had definitive intracranial surgery for aneurysms of the middle cerebral artery but the mortality rate in this case was lower among the women. This cannot be accounted for by a disproportionate number of older men, since only 33 per cent of the men as corn- Combining both sexes, there was an overall mortality rate of 33 per cent for intracranial treatment of anenrysms of the internal carotid, ~7 per cent for middle cerebral aneurysms, and 36 per cent for anterior communicating aneurysms. neurologie disability as to be considered inSite operable. Therefore, the apparent decrease in operative mortality indicates not only Internal that the surviving patients are better surgical Carotid risks but also that a number of "bad risk" eases are not operated upon.
In general, most patients were operated upon within two weeks of the last hemorrhage. There appears to be some slight survival advantage to wait until the second Middle Cerebral week to operate on internal carotid aneurysms; whereas, the surgical mortality rate for middle cerebral aneurysms decreases only slightly between the four-to seven-day interval and the second week. Even the overall decrease from the first three-day period to the second week might be accounted for by the elimination of "bad risk" cases as discussed above.
There was a tendency to wait until the fourth to the fourteenth days to operate on anterior communicating aneurysms. However, the mortality rate remained in the same Proximal range throughout all three time periods. In Anterior Cerebral contrast to this, Pool '6~ indicated a definite decrease in surgical mortality during the period from the seventh through the ninth days after the last subaraehnoid hemorrhage. Distal No percentages are given for each time Anterior period for the proximal and distal anterior Cerebral cerebral aneurysms as the number of cases in each group is too sumll to be important. The overall mortality rate was 3~ per cent for the 741 patients listed in Table 187 .
Among the five aneurysm sites, there were 5~ patients ot)erated upon who never had a subaraehnoid hemorrhage. Fifteen (15) of these (tied, giving a mortality rate of ~9 per cent. As might be expected, most of these patients (37 of the 5~2) had internal carotid aneurysms which, one assumes, gave rise to oculomotor palsies indicating the presence of an aneurysm before a subarachnoid hemorrhage occurred. Nine of these died, giving a mortality rate of ~2~ per cent.
As might be expected, the operative mortality following definitive intraeranial surgery for aneuryslns increases with increasing gravity of the patient's condition at the time of surgery. This is brought out in Table 188 , which excludes patients who never had a subaraehnoid hemorrhage. The six terms used to eategorize the patients' conditions were taken verbatim from the reporting fascicle used in the Cooperative Study. The shortcomings of any such subjective terminology are obvious. It will be subject to various interpretations by the individual reporting surgeons. Under "Major Symptoms or Signs," for instance, the protocol lists as examples, "stiff neck," "temperature elevation," and "positive Kernig's sign," but nowhere in the protocol is specific allowance made for major neurologie deficits. Quite probably most participants place patients with hemiplegia, dysphasia, etc. in this category, but there is no way of ascertaining this. Also, the potential differences in interpretation between the terms, "disturbance of consciousness but responding" and "unresponsive" must be considerable. Virtually all patients other than those in a moribund state respond in some manner to some form of stimulus. The arbitrary limits set on these responses by one surgeon need not necessarily correspond to those set by another. 
Types of Definitive Intracranial Procedures
The relationships between the operative mortality and the type of intracranial operation performed for aneurysm is recorded in Table 189 . The category "Other Wrapping" was applied to all cases in which the aneurysm was not coated with plastic and/or in which it was wrapped with a substance other than muscle. This tended to be cotton gauze in most cases. Also, if another substance (i.e., gelfoam) was used in combination with muscle wrapping, the case was placed in "Other Wrapping" which accounts for the greater number of cases in this category. The greatest number occurred in the middle cerebral group.
Under the term "Combinations" are listed all operations in which multiple intracranial manipulations were carried out in dealing with an individual aneurysm. For instance, if an aneurysm was clipped at its neck and also wrapped with muscle, the operation is listed in the "Combinations" category.
Percentage figures are given only for those procedures in which a sufficient number of cases was reported to make these figures useful. The overall mortality rate for operations at each site is also given. The operative mortality figures in this and the four preceding tables indicate that, at the three major vessel sites, the mortality rate is lowest for aneurysms of the middle cerebral artery. However, these figures are more in keeping with those reported by McKissock et al. '6~ and not as low as the optimistic reports of Petit-Dutaillis and Pittman '55 and Gass et al. '58.
The rather high operative mortality rate (40 per cent) associated with proximal clipping of the anterior cerebral artery for anterior communicating aneurysms is quite different from the 13.5 per cent in 37 cases reported by Logue '56. It was suspected that this procedure was frequently carried out in an effort to control bleeding when an aneurysm ruptured during surgery or when the surgeon found that he could not deal with the aneurysm adequately. There were 44 cases reported to have had a proximal clipping for anterior communicating aneurysms. The records of these cases were individually analyzed by the authors. Nineteen (19) cases had multiple procedures carried out and are included in the "Combinations" category of the Table. All of these were cases in which the aneurysm bled during surgery as postulated. However, in the 25 remaining cases (reported as proximal clipping of the anterior cerebral artery), the procedure was planned and the aneurysm did not bleed during surgery in any case. 
Effect of Surgical Adjuvants on Mortality Rate
The effect of surgical adjuvants on the operative nmrtality rate is shown in Tables  190 and 191 . It should be noted that these tables list the number of operations performed, not the number of patients operated upon. Certain patients were obviously operated upon more than once. There were 81 operations performed under hypothermia which are not listed because the actual temperatures were not given in the reporting fascicles. The figures pertaining to patients operated upon under hypothermia (Table  190) are divided into two groups in the table; patients whose temperature was carried to 3~~ or below, and those in which the temperature was between 3~ ~ and 34~ There were a few patients operated upon under deep hypothermia; however, the exact number could not be determined from the reporting fascicle since these eases arc merely listed as 3~~ or below. It is apparent that most patients undergoing intracranial surgery for an aneurysm were operated upon under hypothermia. Of the total of 800 operations on 741 patients (including the 81 not listed in the table) in which the protocol specifically indicated whether or not hypothermia was used, only 16a,, or ~0 per cent, were not done under hypothermia.
The overall figures show no appreciable difference in the mortality rate among patients operated upon without hypothermia and those done at or below 35~~ However, there is an increase in mortality rate anmng patients who were operated upon under what some people term "mild hypothermia"
(3~~176
Considering the three major vessel sites separately, it appears that hypothermia offers an advantage in the surgical treatment of middle cerebral and anterior conmmnicating aneurysms. If one accepts this as a valid advantage, he is obliged to explain the apparent disadvantage of hypothermia for the treatment of internal carotid aneurysms.
The present authors cannot logically do this.
It may be that the nmnber of cases,especially in the non-hypothermie group, is too small and the rates accordingly not significant. Table 191 appears to show that prolonging As is obvious from the figures in the present study, the use of hypothermia has become widely adopted by neurosurgeons as an adjunct to the surgical therapy of aneurysms. However, whether or not its use brings about a substantial decrease in mortality rate is called into question by the figures in Table 190 . McKissock et al. '60 reported that hypothermia was of benefit only in those operations performed within three days of subarachnoid hemorrhage. After this time they did not note any beneficial effect on the mortality rate. Hamby '63 analyzed the results in 94 consecutive patients subjected to surgery for intracranial aneurysm. Half were done in the normothermie state and half under general body hypothermia of approximately 3~~ He concluded, "Analysis of the data indicates that in this series of cases hypothermia did not improve survival rates of patients being operated upon for bleeding intracranial aneurysnls."
Complications of Surgery
A total of 1083 intracranial operations were reported for the treatment of aneurysm. This figure includes single operations for single aneurysms, multiple operations for Table 193 shows a breakdown of the types of complications. The headings listed were taken directly from the reporting fascicle. The largest group is that listed as "Other" in the fascicle. An analysis of the narrative summaries of 186 cases revealed that these "Other" complications ranged from temporary 3rd nerve paresis through temporary or permanent hemiparesis to progressive downhill course and death. The latter state and "comatose state" or "increased intracranial pressure" were the conditions most frequently reported as complications. However, insufficient data was given to determine the actual cause of these conditions.
Cases of "cerebral edema" constituted the next largest group of complications. However, in most instances this complication was not checked in the appropriate place in the It can be assumed that many complications of a minor nature were listed in the group as "Other." This assumption is supported by the fact that the mortality rate for this group was only ~7 per cent in contrast to an overall mortality rate of 60 per cent for the remaining complications listed in the table.
Results of Treatment
An analysis of the results of treatlnent in patients who underwent intracranial surgery only is shown in Table 194 . It is important to understand the origins of the figures used in this table. The operative deaths at each site appear first. The second portion of the table lists patients on whom subsequent follow-up fascicles have been submitted to the Central Registry. Only data from the latest fascicle is considered. In other words, if three patients are listed in the 0-6 month category, there have been no follow-up fascicles submitted beyond six months for these three patients. If a number of follow-up fascicles are submitted on a given patient, only data from the latest fascicle is recorded in the table. For instance, there are five patients listed in the 7-1~ month interval during that interval. As a result, no patient is tabulated more than once in this table.
The last group in the table consists of patients who were alive at the time of discharge from the hospital, but on whom no subsequent follow-up fascicles have been submitted to the Central Registry. Therefore, the disability ratings given pertain to their condition at the time of discharge from the hospital.
There are 513 patients listed in the table who survived operation for single aneurysms and were discharged from the hospital. Of these 60, or 1r per cent, had no follow-up after discharge and 453, or 88 per cent were followed.
An analysis of functional survival was arrived at in the following manner. It was assumed that among patients discharged alive from the hospital, but with follow-up examinations, those who were either symptom-free or who had only minimal symptoms continued to do well. These patients were added to those who were reported as symptom-free, with annoying symptoms only or partially disabled but working, according to the follow-up fascicles. These combined figures were taken to represent patients with a good functional survival. Accordingly, we arrive at the following percentage figures at each of the reported aneurysm sites: internal carotid artery aneurysms, 49 per cent; middle cerebral aneurysms, 45 per cent; and anterior communicating ancurysms, 43 per cent. There are too few cases of proximal or distal anterior cerebral aneurysms to give useful percentage figures. The overall functional survival for single aneurysms treated by intracranial surgery was only 46 per cent. Regarded in another manner, this means that 54 per cent were either dead or economically incapacitated after surgery.
There were 95 patients with multiple aneurysms listed in Table 194 who had undergone intracranial surgery only, and were discharged from the hospital. Of these, 1~, or 18 per cent, had no subsequent follow-up, and 88, or 87 per cent, were followed. These percentages are essentially the same as those for single aneurysms. Functional survival of patients with multiple aneurysms, determined in the same manner as described above, was 41 per cent as compared to 46 per cent for single aneurysms. Steehnan et al. '58 reported two deaths and three henfiplegic complications in 4~ surgically-treated cases of aneurysm. Graf '55 reported ~5 deaths and nine patients with moderate to severe disability among 55 similarly treated cases. Poppen and Fager '60 had 17 deaths among 95 patients subjected to dcfinitive intracranial surgery for aneurysm. Eleven (11) of the remaining had severe neurologic deficits and two others died of recurrent hemorrhage. Hunt et al. '6~ reported nine deaths among 55 patients. Six of the remaining patients were reported to have been severely disabled and six mildly disabled.
In the series of McKissoek et al. '60, 4~9 patients were subjected to surgery for aneu rysm, including cervical carotid ligations as well as intracranial procedures. One hundred thirty-nine (189) patients died, 89 were partially disabled but could work at a job requiring less ability than prior to their illness, and 41 were totally disabled, for a functional survival rate of 61 per cent.
Recurrent Subarachnoid Hemorrhage
Death was due to a number of causes among those patients who were reported to have died during the follow-up period. Some of these patients were individuals who had been seriously ill or moribund at the time of discharge from the hospital and subsequently expired; some died of unrelated causes, and nine died of subarachnoid hemorrhage.
The rupture of an aneurysm after a definitive surgical procedure designed to prevent such a rupture, constitutes a clear instance of failure of the treatment to accomplish what was expected of it. At this early stage in the follow-up study, it is impossible to evaluate the true incidence of subsequent subarachnoid hemorrhage. When such hemorrhages do occur, it is of paramount importance, first, to prove that a subarachnoid hemorrhage did indeed occur, and, second, to ascertain the source of bleeding. At this stage in the study, we can review the documented cases of rebleeding but make no estimation as to the incidence of rebleeding relative to the total number of aneurysms treated surgically. Many patients who died outside of the reporting hospitals were not autopsied, and in many instances, the circumstances surrounding their deaths were not known to the reporting center. Therefore, it is possible that the incidence of rebleeding is much higher than that reported here.
Four of the instances of rebleeding were in patients with multiple aneurysms and in only one case was an autopsy performed. This revealed that the aneurysln which gave rise to the fatal hemorrhage had probably bled at the time of the original hemorrhage as well but another aneurysm had been ligated at surgery. The remaining five rebleeding episodes occurred in patients with presumed single treated aneurysms. The following brief accounts document these five cases plus two cases of aneurysm of the posterior circle which did not appear in Table  194 . In all instances the patients were admitted to the hospital following a subarachnoid hemorrhage.
Case #1579. A 44-year-old male was re ported to have a ruptured right middle cerebral artery aneurysm. The aneurvsm was wrapped with cotton gauze and the patient is stated to have rebled one week after the operation, but recovered satisfactorily. IIe was well and able to work at the last follow-up 38 months later.
Case #1825. A 35-year-old female was reported to have a right middle cerebral aneurysm. The sac was trapped and excised but the patient rebled and died ~0 days postoperatively. Post nmrtem examination revealed another aneurysm at the area of excision. This was a mycotic aneurysm verified histologically.
Case #2238. A 56-year-old male was reported to have a ruptured anterior communicating artery aneurysm. The aneurysm was clipped at its neck and obliterated. Fifteen months later the patient rebled. He was readmitted for four-vessel angiography which revealed no other aneurysm. The aneurysln previously clipped remained obliterated by angiography. At the last follow-up S~ months after the operation the patient was confined in a mental institution.
Case #5020. A 47-year-old male had a ruptured anterior communicating artery aneurysin which filled spontaneously from both sides. The right anterior cerebral artery proximal to the communicating was clipped. He is stated to have rebled 11 days postoperatively, but apparently recovered so that at follow-up examination 39 months postoperatively he was asymptomatic. One nmnth later, however, he was stated to be bedridden, but the reason given was that he had a bowel resection.
Case #5873. A 54-year-old female had a ruptured internal carotid artery aneurysm. The neck of the aneurysm was clipped and the patient apparently was well for nine years, after which she was readlnitted to the reporting center following a second subaraehnoid hemorrhage and died upon the day of readmission. Post mortem examination revealed a previously-placed clip to be about one-half way out on the body of the aneurysm. The aneurysm had ruptured but the exact site of the rupture relative to the dip was not stated.
Case #5~7. A M-year-old male was diagnosed as having a ruptured aneurysm at the bifurcation of the basilar artery. This was explored but it was not possible to clip its neck and therefore the sac was wrapped with muscle. The patient did well postoperatively for one year, after which he rebled and died. Post mortem examination demonstrated a subarachnoid hemorrhage at the base of the brain, which was felt to have come from the basilar aneurysm.
Case #2171. A ~0-year-old male was operated upon six days after hemorrhage from a basilar trunk aneurysm and the right vertebral artery ligated. The patient suddenly died four days postoperatively and post mortem examination revealed rebleeding from the aneurysm.
Operative Mortality for Multiple Aneurysms
An analysis of the definitive intracranial procedures carried out on patients with multiple aneurysms is shown in Table 195 . The first portion gives the operative mortality rates as related to the number of aneurysms definitely treated per patient. For instance, in 1~9 patients with multiple aneurysms, only one of the multiple aneurysms in each patient was treated definitely by an intracranial procedure. In the second part of the table the number of intracranial procedures done per patient for the treatment of aneu- 
Surgical Treatment of Aneurysms of the Posterior Circulation
From a total of 101 aneurysms of the posterior circulation verified angiographically, 33 cases were found to have been operated upon. Inasmuch as the location of the aneurysms and the tyt)es of operative procedures t)erformed varied widely, it was ilnpossible to derive a meaningful tabulation of the results of surgery for these aneurysms. Therefore, only a brief listing will be nmde of individual cases.
GROUP A VERTEBRAL ARTERY ANEURYSMS
These include aneurysms of the vertebral artery up to and including their point of fusion into the basilar artery. Eight patients were living at the time of this analysis, five patients died in the immediate postoperative period, and another patient (lid well for one year, after which time hc died of a primary pontine hemorrhage which was anatomically unrelated to the aneurysm. The cases are described in order of the relative success of the procedure.
Case #4180. A 38-year-old female, bled from an aneurysm of the left vertebral artery just proximal to the basilar. Thirtytwo days after her subarachnoid hemorrhage, she was operated upon and the aneurysm trapped by ligating the vertebral above and below the neck of the aneurysm. At follow-up six months postoperative, she was asymptomatic.
Case #3250. A 46-year-old male, bled from an aneurysm of the right vertebral at the posterior inferior cerebellar artery. Seven days after his hemorrhage, the trunk of the right posterior inferior cerebellar artery was clipped. At the follow-up one year later, hc was asymptomatic.
Case #6618. A 58-year-ohl male bled from an aneurysm of the left vertebral artery. Eighteen days later the aneurysm was exposed through a cervical laminectomy and its neck clipped. At follow-up six months later hc was asymptonmtic.
Case #664. A 45-year-old female, bled from an aneuwsm which, at operation, "arose 3-4 mm. above the left posterior inferior cerebellar artery." Twelve days after the hemorrhage, she was explored and it was felt that the aneurysm could not be clipped. The sac was "reinforced with cottonoid." At followup exalnination four and one-half years later, she was in good health and aware of only annoying symptoms.
Case #5201. A 6~-year-old female, bled from an aneurysm at the junction of the vertebral and the left posterior inferior eerebellar artery. Five days after the hemorrhage the neck of the aneurysm was dipped. It was stated that she had "mild cerebellar signs" and weakness of the 6th, 7th, and l~th cranial nerves at the time of discharge. No follow-up report has been received since the patient was discharged from the hospital.
Case #3521. A 51-year-old male, bled from an aneurysm of the right vertebral artery but the exact origin of the aneurysm was not specified. Five days after the hemorrhage, the right vertebral artery trunk was clipped. At follow-up three years later, he was partly disabled but gainfully employed.
Case #6075. A 47-year-old female, bled from an aneurysm of the left vertebral artery just proximal to the basilar. Thirty-three days after hemorrhage, the left vertebral artery was ligated. At latest follow-up three years later, she was partially disabled but gainfully employed.
Case #6565. A 48-year-old male bled from an aneurysm of the left posterior inferior cerebellar artery. No treatment was undertaken and he was discharged well. Follow-up angiography four months after hemorrhage revealed enlargement of the aneurysm and therefore operation was undertaken. The aneurysm was wrapped with muslin. At last report 16 months postoperatively, he was capable of self-care, but not working.
Case #2025. A 58-year-old male, bled from an aneurysm of the left vertebral artery proxinml to the basilar. Four days after hemorrhage, the aneurysln was trapped by clipping the left vertebral artery above amt below it. The patient did well, but died one year later of a primary pontine hemorrhage unrelated to the aneurysm.
Case #4193. A 47-year-old female, bled from an aneurysm of the vertebral at the origin of the left posterier inferior cerebellar artery. Six days after hemorrhage, the aneurysm was clipped at its neck and wrapped. The patient developed dysphagia and bronchopneumonia postoperatively and died.
Case #6080. A 80-year-old male, bled from an aneurysm of the vertebral "at or near" the origin of the left posterior inferior cerebellar artery. Twenty-two days after the hemorrhage, the neck of the aneurysm was clipped under hypothermia. The patient progressively deteriorated and died.
Case #6008. A 56-year-old male, presented with symptoms of a mass lesion in the posterior fossa. Angiography was not carried out preoperatively but at exploration an aneurysm of the right vertebral artery at the basilar was exposed and identified. Nothing was done to this sac. The patient did poorly postoperatively and died. Autopsy confirmed the presence of an aneurysm.
Case #1174. A 5~-year-old female, bled from an aneurysm of the left vertebral artery proximal to the basilar. Seventeen days after the hemorrhage, the neck of the aneurysm was clipped under hypothermia. The patient developed hypotension and respiratory distress postoperatively and died three days later. Of interest here is the fact that the right vertebral artery had been occluded for five, six, and eleven minutes respectively during the operation. At post mortem, the left vertebral artery was found to be congenitally hypoplastic.
Case #238. A 65-year-old male, presented with symptoms suggesting a eerebelloponfine angle tumor. This was explored. A piece was removed from the wall of the mass for biopsy, resulting in severe hemorrhage. The hemorrhage was controlled by pressure and the operation terminated. The patient did poorly and died. Post mortemexamination revealed an aneurysm at the upper end of the right vertebral artery.
GROUP B--ANEURYSMS OF THE BASILAR ARTERY
Fifteen patients were stated to have had aneurysms arising from the basilar artery. In one case, no origin was established, although it was felt to have arisen from the middle of the trunk of the basilar. In a second case, the aneurysm was felt to have arisen at the superior cerebellar artery. In the remainder, the sac arose from the bifurcation of the basilar into the posterior cerebrals.
Case #2414. A 54-year-old male, presented with symptoms indicative of an angle tumor. There was no history of subarachnoid hemorrhage. A posterior fossa exploration was performed and the aneurysm identified, but nothing was done to it. The patient died seven months later of unknown causes.
Case #5323. A 51-year-old male, bled from an aneurysm at the right superior cerebellar artery. Six days after hemorrhage, the aneu-rysm was wrapped with gauze. The patient did poorly postoperatively, developing a pneumonia, and died.
The next eleven cases are all of ruptured aneurysms at the bifurcation of the basilar.
Case #5910. A 45-year-old male, was operated upon seven days after subarachnoid hemorrhage. The neck of the aneurysm was clipped under hypothermia. The patient did well and at six-month follow-up has only a partial third and fourth nerve palsy on the operated side.
Case #6493. A 46-year-old male bled from an aneurysm at the bifurcation of the basilar artery. Twelve days after hemorrhage, the aneurysm was wrapped with muscle through a right temporal craniotomy. One year later he was able to return to part-time work.
Case #4863. A M-year-old male, was operated upon ~1 days after hemorrhage. The neck of the aneurysm was clipped and 16-month follow-up revealed that the patient was unable to work but able to care for himself.
Case #4898. A 44-year-old female, operated upon 11 days after hemorrhage. The neck and the fundus of the aneurysm were clipped under deep hypothernfia with controlled circulatory arrest. At the two-year follow-up she was unable to work but was able to care for herself.
Case #6193. A 58-year-old female had a subarachnoid hemorrhage with right hemiparesis in 1961 from which she slowly recovered. In 1964 she deteriorated without direct evidence of rebleeding. Angiogram showed an aneurysm at the basilar bifurcation. The neck of the aneurysm was occluded with a Mayfield clip. She improved over her preoperative status and was discharged three weeks after operation. No follow-up is recorded.
Case #5885. A 38-year-old female, was operated upon seven days after hemorrhage under deep hypothermia with circulatory arrest. Although the neck of the aneurysln was clipped, it was not possible to restore her circulation properly and she died in the operating room.
Case #234. A 59-year-old male, was operated upon three days after hemorrhage, at which time the left vertebral artery was clipped. The patient did poorly and died the following day.
Case #2171. A ~O-year-old male, was operated upon six days after hemorrhage and the right vertebral artery ligated. The patient suddenly died four days postoperatively and post mortem examination revealed that the aneurysm had rebled.
Case #3398. A 70-year-old male, was operated upon 75 days after his subarachnoid hemorrhage. The aneurysm was wrapped with Oxycel. The patient did poorly and died six days postoperatively.
Case #3623. A 48-year-old female, was operated upon under hypothermia 30 days after subarachnoid hemorrhage. The neck of the aneurysm was clipped. She did fairly well for five days, at which time she had a convulsive seizure and became progressively less responsive. She died 11 days postoperatively.
Case #229. A 4~-year-old female, was operated upon and the neck of the aneurysm clipped. It is not known how many days had elapsed from the subaraehnoid hemorrhage to the operation. She died in the immediate postoperative period, but it is not known how long she survived after operation.
Case #5483. A 59-year-old male, presented with symptoms of a posterior fossa mass. This was explored and an aneurysm identified. It was felt that there was staining of the surrounding tissues, indicative of subaraehnoid hemorrhage in the past. The wall of the aneurysm was biopsied. No bleeding occurred since the aneurysm was apparently thrombosed. The patient died inmmdiately postoperatively.
Case #547. A 51-year-old male, was diagnosed as having a ruptured aneurysm at the bifurcation of the basilar artery. This was explored but it was not possible to clip its neck and therefore the sac was wrapped with muscle. The patient did well postoperatively for one year, after which he rebled and died. Post mortem examination was obtained confirming the subaraehnoid hemorrhage at the base of the brain, which was felt to have come from the basilar aneurysm.
GROUP C--ANEURYSMS OF THE POSTERIOR CEREBRAL ARTERY
Case #123. A 19-year-old female, bled from a mycotic aneurysm of the posterior cerebral artery. The aneurysm was far out on the trunk and in the occipital lobe. Seven days after hemorrhage, this was resccted and the patient did well. Three years postoperatively she was asymptomatic.
Case #5870. A 52-year-old male, was operated upon five days after hemorrhage and the neck of the aneurysm clipped. Follow-up report 19 months from the operation stated that he was disabled by a spastic right hemiplegia.
Case #701. A 88-year-old female, was operated upon under hypothermia two (lays after subarachnoid hemorrhage. The aneurysm was isolated and resected. The patient did poorly and (tied the day after operation.
Case #5783. A 43-year-old fenmle, was operated upon under hypothermia four days after subarachnoid hemorrhage. Both the posterior cerebral trunk and the aneurysm were clipped. The patient did poorly and died seven days after operation.
If we exclude from Groups B and (2 the patient who had a mycotic distal posterior cerebral aneurysm and the patient whose aneurysm had apparently never bled, we are left with 17 patients with ruptured aneurysms in the immediate vicinity of the bifurcation of the basilar artery. Twelve of these 17 patients died as a result of operation. Only two patients of the six survivors are gainfully employed at last follow-up. These findings tend to support the cautious attitude toward surgical treatment of aneurysms at the basilar bifurcation expressed by Drake '65.
Adding the cases of vertebral aneurysms, there were 15 operative deaths among 31 patients. These figures are in keeping with the mortality rate reported by Jamieson '64.
Summary and Conclusions
(1) Analysis of the results of intracranial operation only, for the treatment of aneurysms has been carried out on 979 patients from the Cooperative Study. An additional 79 patients had an intracranial operation plus cervical carotid ligation. In 55 there was evacuation of an intracranial heumtoma only. Previous reports in the literature indicate operative mortality rates ranging from less than 10 per cent to over 50 per cent. However, in many of these reports it is not possible to ascertain many of the factors which might possibly influence the inortality. It can be assumed that certain surgeons are technically more adept than others and that this factor will tend to lower the surgical mortality rates reported by such individuals. Since ~4 centers were involved in the Cooperative Study, the factor of any single individual's ability is minimized by the pooling of cases. Thus the 30 to 33 per cent over-all mortality rate under conditions listed in this study can be used as a guideline by the average neurosurgeon.
(~) An intracranial operation only, as a definitive procedure, was carried out nmre frequently than an intracranial operation plus cervical carotid ligation. Among the cases analyzed in this report, aneurysms of the middle cerebral and distal anterior cerebral arteries were most likely to be treated by intracranial operation only. Combined intracranial operation plus cervical carotid ligation was carried out more frequently for aneurysms of the internal carotid and for multiple aneurysms; even among these eases, intraeranial surge W only was the treatment of choice more than six times as often as the combined approach.
(3) Among eases treated by intracranial surgery only, aneurysms of the middle cerebral artew had the lowest mortality rate, approximately 5~6 per cent. There was no difference in the overall nmrtality rates between males and females, but in both sexes the rate increased after the age of 60 and usually after the age of 50. There was a general decrease in the operative mortality rate as the interval from the last hemorrhage increased. The operative mortality increased with increasing gravity of the patients' eon--dition at the time of surgery.
(4) Many different types of procedures were carried out for the intracranial treatment of aneurysms. Clipping of the neck of the aneuwsm was most frequently performed, constituting approximately 50 per cent of all the recorded operations. Wrapping and proximal clipping were the next most frequent.
(5) The use of various surgk'al adjuvants, including hypothermia, did not alter the surgical mortality rate appreeiably.
(6) Complicating factors, such as intracerebral or subdural hematoma, or rupture of an aneurysm during surgery, increased the operative mortality rate.
(7) Most complications following intracranial surgery for aneuwsm occurred early. Sixty-one (61) per cent evolved within the first ~4 hours and 88 per cent by the sixth day.
(8) Following intraeranial surgery, there was a useful functional survival of 46 per cent among those patients with single aneurysms and 41 per cent atnong those with multiple aneurysms. Thus, 54 per cent of individuals with single aneurysms subjected to intraeranial surgery either died or were economically incapacitated.
(9) Seven known instances of recurrent hemorrhage after operation for single aneurysms are documented. Thirty-three instances of intraeranial surgery for aneurysms of the posterior circle have been briefly ])resented.
